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ABSTRACT 

TIHURUA, E. F. & ERLINAWATI, I. 2014. Leaf anatomy of Pandanus spp. (Pandanaceae) from Sebangau and 
Bukit Baka-Bukit Raya National Park, Kalimantan, Indonesia. Reinwardtia 14 (1): 223 - 231. — Cross sections of 
leaves of Pandanus spp. showed that their leaf anatomy is similar, whilst paradermal sections indicated that crystal 
numbers differ. Variation was found in the anticlinal epidermal cell walls, stomata, hypodermis, sclerenchyma, meso- 
phyll and crystals, as discussed in this paper. 

Key words: Bukit Raya-Bukit Baka National Park, leaf anatomy, Pandanus spp., Sebangau. 

ABSTRAK 

TIHURUA, E. F. & ERLINAWATI, I. 2014. Anatomi daun Pandanus spp. (Pandanaceae) dari Sebangau dan Taman 
Nasional Bukit Baka-Bukit Raya, Kalimantan, Indonesia. Reinwardtia 14(1): 223 - 231. — Irisan melintang daun 
Pandanus spp. menunjukkan bahwa anatomi daunnya sama, akan tetapi irisan paradermal mengindikasikan bahwa 
jumlah kristalnya berbeda. Variasi yang ditemukan di dinding sel epidermal antiklinal, stomata, hypodermis, skleren- 
kim, mesofil dan kristal dibahas dalam makalah ini. 

Kata kunci: Taman Nasional Bukit Raya-Bukit Baka, anatomi daun, Pandanus spp., Sebangau. 


INTRODUCTION 

Pandanus is one of the member of Pandanaceae 
family which has the broadest geographical 
distribution, occurring throughout the Old World 
tropics, from East Africa westward to Polynesia, 
widely distributed to East Asia and Pacific (Stone, 
1965) with tree and shrub habit (Nadaf & Zanan, 
2012), contains more than 600 species (Kam, 
1971). Pandan of Kalimantan is still little known. 
The exploration conducted in Sebangau National 
Park (Palangkaraya, Central Kalimantan) and 
Bukit Raya-Bukit Baka National Park (West 
Kalimantan) in 2006 found several Pandanus spp. 
including specimens belonging to the Pandanus 
motleyanus complex species, which species is 
synonymised with P. yvanii Solms according to 
Keim et al. (2011). Also four new species of 
Pandanus were collected. Recognizing and 
identifying species is difficult, therefore additional 
characters, e.g. leaf anatomy, are needed to 
support the morphological approach. 


Little work has been done on the leaf anatomy 
of Pandanaceae. Kam (1971) has investigated the 
leaf anatomy of Pandanus species in Malaya, 
while Pasaribu (2010) conducted leaf anatomy of 
Freycinetia species from Sumatra, Rahayu et al 
(2012) observed Pandanus species from Java and 
Nadaf & Zanan (2012) investigated leaf micro¬ 
morphology of Indian Pandanaceae. The aim of 
this study is to get more information about the 
anatomical leaf structure (including leaf micro- 
morphology and transversal section) of some 
Pandanus , which was collected from two locations 
in Kalimantan to support morphological data of 
Pandanus spp. 

MATERIAL AND METHODS 

We used 18 collections (Table 1) of Pandanus 
from Sebangau National Park, Palangkaraya, 
Central Kalimantan and Bukit Raya-Bukit Baka 
National Park, West Kalimantan. The paraffin 
method with modification (Sass, 1951) and para- 


223 



224 


REINWARDTIA 


[VOL. 14 


dermal cuttings (Cutler, 1978) were used for this 
study. 

RESULTS AND DISCUSSION 

Pandanus spp. have straight, wavy and curved 
anticlinal walls. The epidermis cells vary in shape 
between square, polygonal and sometimes irregu¬ 
lar (Fig. 1). Anatomically there are two types of 
leaf known from the collections (Table 1). The 
anatomy of the first type shows a dorsiventral 
parenchyma with the mesophyll differentiated into 
palisade and sponge tissue. The second type shows 
a homogenous leaf anatomy, lacking a differentia¬ 
tion into palisade and sponge tissue. Dorsiventral 
leaves are the common type shown by all Panda¬ 
nus species except the P. johoriensis complex and 
P. yvanii , which have both leaf types. 

Adaxial epidermis anticlinal cell walls are 
straight in P. helicopus, P. johoriensis and 
Pandanus sp., while straight to wavy could be find 


in P. aristatus, P. pachyphyllus, Pandanus cf 
ridley, P. vinaceus and P. yvanii. Abaxial 
epidermis anticlinal cell walls of P. aristatus, 
P. johoriensis, Pandanus sp. are straight; straight 
to wavy of abaxial epidermis anticlinal cell walls 
in Pandanus helicopus, P. cf ridley, P. vinaceus , 
P. yvanii and slightly wavy in P. pachyphyllus. 

Shape of epidermis cell in both surfaces are 
square to polygonal found in all examined 
Pandanus species, but straight to slightly irregular 
in adaxial epidermis of P. yvanii and abaxial 
epidermis cell of P. helicopus and P. yvanii. 

Special focus on stomata 

The stomata of Pandanaceae are tetracytic and 
found on the adaxial and abaxial surface, but less 
numerous adaxially. The stomata are level to the 
epidermal cells in the transverse section. The 
stomata may be accompanied by papillae. The pa¬ 
pillae appear on the subsidiary or sometimes on 



Fig. 1. Lower surface of Pandanus leaf. Scale bar 20 pm. 


Table 1. Specimens examined of Pandanus. 


No Species 

1 P. aristatus Martelli 

2 P. helicopus Kurz. ex Miq. 

3 P. johoriensis Martelli 

4 P. pachyphyllus Merr. 

5 Pandanus cf ridley Martelli 

6 Pandanus sp. 

7 P vinaceus B.C.Stone 

8 P. yvanii Solms 


Collection numbers 


Herbarium 


Ary P Keim 778 BO 

Ina Erlinawati 140; Ina Erlinawati 157 BO 

Elizabeth A. Widjaja 8051; Elizabeth A. Widjaja 8054 A; Eliza- BO 
beth A. Wijaya 8054 C 

Ary P. Keim 161 BO 

Wita Wardani 431 BO 

Muhammad Amir 359 BO 

Muhammad Amir 313 BO 


Ina Erlinawati 58; Ina Erlinawati 102; Ina Erlinawati 136; BO 
Darnsfield 4311; Kostermans 12823; Wita Wardani 439 
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the adjacent epidermal cells. The papillae on the 
terminal subsidiary cells are simple, forked or 
sometimes dendritic. Whereas papillae on the lat¬ 
eral subsidiary cells are globose in 3-7 alignments. 
(Fig. 2B & 2C). Based on the presence of papillae 
four classes of stomatal types (Tomlinson, 1965) 
can be discerned. The first type consists of unspe¬ 
cialized stomata lacking papillae (Fig. 2A). The 
second type shows stomata with papillae on the 
terminal and lateral of subsidiary cells as shown 
by P. aristatus , P. vinaceus and P. yvanii (Fig. 
2B). The third type has papillae on the subsidiary 
cells of the stomata and on the neighboring epider¬ 
mal cells (Fig. 2C); they are found in P. helicopus , 
P. johoriensis, Pandanus cf. ridley and P. yvanii. 
The fourth type is defined by dendritic papillae 
present on the whole surface of the leaf. This type 
is found in P. pachypilus (Fig. 2D). Tomlinson 
(1965) mentioned that there are five types of 
stomata followed by Rahayu et al. (2012) in their 
study about Pandanus in Java. In this study, we 
could not find the type of stomata which papillose 
are arranged in the lateral subsidiary cells. 

Hypodermis 

All examined Pandanus species has hypodermis 
tissue in the adaxial and abaxial side (Fig. 3), 


except for P. aristatus that has this tissue only on 
adaxial part. The hypodermis tissue occur in 2 
rows sometimes more. 

Mesophyll 

The palisade also occur in the adaxial and 
abaxial part (Fig. 3) but not in P. pachyphyllus and 
Pandanus cf ridley that only occur in adaxial part. 
Cuboid (Fig. 3) and raphide crystal (Fig. 4) are 
distributed in the mesophyll of all Pandanus 
species leaf. 

Specific Descriptions of Pandanus species in 
Kalimantan 

P. aristatus Martelli 

Leaf dorsiventral. Adaxial and abaxial 
epidermis anticlinal cell walls straight and curved, 
sometimes wavy in the adaxial surface. Epidermis 
cell shape square, polygonal (Fig. 5A). Stomata in 
both surface with papillae on subsidiary cell at the 
abaxial side (Fig. 7A). Two layers hypodermis in 
the adaxial part of leaf. Mesophyll differentiated 
into 2-3 palisade layers in the adaxial and 1 layer 
in the abaxial part of leaf. Pseudolacuna between 
two vascular bundles (Fig. 10A). 


A 

B 

« ^ ' 

C 

D _ 


Fig. 2. Variation of stoma in Pandanus spp. There are 1 st type unspecified stomata (A), 2 nd type (B), 3 rd type (C) and 
4 th type of stomata (D). Stomata (thin arrow), papillae (thick arrow). Scale bar 20 jam. 
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Fig. 3. Cross section of Pandanus leaf. Leaf with branched parenchyma {stellate) exist between 2 vascular bundles 
(above), when get mature leaf, it will form pseudolacuna (below), bp: branched parenchyma; e: epidermis; h: 
hypodermis layer; p: palisade tissue; pi: pseudolacuna; s: sponge tissue; vb: vascular bundle; crystal in meso- 
phyll (thin arrow); schlerenchyma (thick arrow). Scale bar 50 pm. 



Fig. 4. Cross section of Pandanus leaf. Idioblast cell (i) with raphides (r) present in the mesophyll. Scale bar 20 pm. 


Pandanus helicopus Kurz. ex Miq. 

Leaf dorsiventral. Adaxial epidermis cell with 
straight and slightly curved wall; while abaxial 
epidermis cell wall straight, slightly wavy and 
curved. Adaxial and abaxial epidermis cell shape 
square, polygonal, with elongated cells in the 
adaxial and slightly irregular in the abaxial (Fig. 
5B). Stomata in the adaxial epidermis sometimes 
present with papillae in the polar subsidiary cell, 
while papillae of abaxial epidermis cell occur at 
the subsidiary and/or epidermal cells (Fig. 7B). 
Hypodermis two layers in the adaxial and abaxial 
part of the leaf; long and thin, square. Palisade 1-3 
layers in the adaxial and a layer in the abaxial part 
of the leaf (Fig. 9A). Stellate parenchyma laid 
between 2 vascular bundles. 


Pandanus johorensis Martelli complex 

Leaf homogen or dorsiventral. Adaxial and 
abaxial epidermis cell has straight wall, slightly 
curved in the abaxial side (Fig. 5C). Adaxial and 
abaxial epidermis cell shape are square and 
polygonal shape. Adaxial epidermis is showed 
short and long cell conspicuously. Stomata in the 
both leaf surface with papillae in the epidermal 
and subsidiary cells of abaxial surface (Fig. 7C). 
Hypodermis two layers in the adaxial and abaxial 
part, sometimes up to 3 layers in adaxial. 
Dorsiventral leaf has 2-5 layers adaxial palisade 
and 1-3 layers abaxial palisade. Stellate 
parenchyma occurs in the middle of the leaf of this 
species. 
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Pandanus pachyphyllus Merr. 

Leaf dorsiventral. Adaxial epidermal cell wall 
straight, curved and slightly wavy. Abaxial epider¬ 
mal cell slightly wavy wall. Dendritic papillae co¬ 
vered epidermis cells and stomata (Fig. 7D, see 
appendix). 2-3 layers hypodermis presents in the 
adaxial and abaxial part of leaf. Mesophyll was 
differentiated into 2 layers of palisade in the 
adaxial part of leaf and sponge below. 
Pseudolacuna presents between 2 vascular 
bundles. 

Pandanus cf. ridley Martelli 

Leaf dorsi ventral. Adaxial and abaxial 
epidermis cell wall is straight and slightly wavy, 
also wavy anticlinal cell wall in the abaxial 
surface. Epidermis cell shape is square, polygonal 
in the the both surface. There are short and long 
cells in the adaxial surface (Fig. 6A). Stomata in 
the both surface and papillae present in epidermal 
and subsidiary cells of abaxial surface (Fig. 8A). 
Hypodermis 2-3 layers in the adaxial and 2 layers 
in the abaxial part of leaf (Fig. 9B). Mesophyll is 
arranged by palisade tissue adaxial part of the leaf 
1-3 layers and sponge below with branched 
parenchyma. 

Pandanus sp. 

Leaf dorsi ventral. Adaxial and abaxial 

epidermis with straight anticlinal cell wall and 
square shape. Unspecialized stomata in both leaf 
surface (Fig. 6B & 8B). Hypodermis two layers on 
both part of leaf. 1-2 layers of palisade took place 
in adaxial and a layer in the abaxial leaf part, 
sponge exist between both parts. Branched sponge 
between 2 vascular bundles (Fig. 9). 

Pandanus vinaceus B. C. Stone 

Leaf dorsi ventral. Adaxial and abaxial 

epidermis has straight, slightly curved, slightly 
wavy wall; square and curved polygonal in shape 
or sometimes slightly wavy in the abaxial 

epidermis. Stomata spread in both surface, but 
papillae occur only at subsidiary cells of the 

abaxial surface (Fig. 8C). Two layers of 
hypodermis in both part of leaf. Palisade tissue 1-2 
layers in the adaxial part (Fig. 10C) and single 


layer in the abaxial part with sponge took place 
between them. 

Pandanus yvanii Solms 

Leaf homogen or dorsiventral. Anticlinal cell 
wall of adaxial and abaxial epidermis is straight, 
very slightly wavy-wavy, slightly curved. 
Epidermis cell shape in the both surfaces is square, 
polygonal, curved or slightly irregular; sometimes 
short and long cells present obviously in the 
adaxial surface. Stomata distributed in both leaf 
surfaces, but papillae only present in the 
subsidiary and epidermis cell of abaxial epidermis 
(Fig. 8D). Hypodermis 2-3 layers in both part of 
leaf; flat shape. Palisade 1-4 layers in the adaxial 
and 1-2 layers in the abaxial part. Branched 
sponge (stellate) laid in the middle part of leaf 
between vascular bundles. 
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Fig. 5. Adaxial surface of P. aristatus Martelli (A), P. helicopus Kurz. ex Miq. (B), Pandanus johoriensis Martelli (C), 
P. pachyphyllus (D). e: epidermal cell, stomata (arrow head) present in both surface of leaf and papillae (arrow) 
seen only in abaxial surface. Scale bar 20 pm. 



Fig. 6. Adaxial surface of Pandanus cf riedly (A), Pandanus sp (B), P. vinaceus B.C. Stone (C), 
P. yvanii Solms. (D) leaves, e: epidermal cell, stomata (arrow head) present in both 
surface of leaf and papillae (arrow) seen only in abaxial surface. Scale bar 20 pm. 
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Fig. 7. Abaxial surface of P. aristatus Martelli (A), P. helicopus Kurz. ex Miq. (B), P. johoriensis Martelli (C), P. 
pachyphyllus (D) leaves, e: epidermal cell, stomata (arrow head) present in both surface of leaf and papillae 
(arrow) in simple, forked or dendritic type seen only in abaxial surface. Scale bar 20 pm. 



Fig. 8. Abaxial surface of Pandanus cf ridley Merr. (A) Pandanus sp. (B), P. vinaceus B. C. Stone (C), P. yvanii 
Solms. (D) leaves, e: epidermal cell, stomata (arrow head) present in both surface of leaf and papillae (arrow) 
seen only in abaxial surface. Scale bar 20 pm. 
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Fig. 9. Cross section of P. helicopus Kurz. ex Miq. (A), Pandanus cf ridley Martelli (B), Pandanus sp. (C), P. 
johoriensis Martelli (D) leaves. A single layer of epidermis in the adaxial and abaxial surface (thin arrow); h: 
hypodermis in the adaxial and abaxial part; p: palisade; pi: pseudolacuna; s: isodiametric or stellate sponge 
underneath the palisade lay between 2 vascular bundles; vb: vascular bundle, cuboid crystal is showed by 
arrow head and sclerenchyma (thick arrow). Scale bar 50 pm. 
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Fig. 10. Cross section of P. aristatus Martelli (A), P. pachyphylus Merr. (B), P. vinaceus B.C. Stone (C), P. yvanii 
Solms. (D) leaves. Adaxial and abaxial epidermis showed by arrow; h: hypodermis; p: palisade; pi: 
pseudolacuna in the mature leaf; vb: vascular bundle. Scale bar 100 pm except P. vinaceus B. C. Stone 50 
pm. 
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